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Recommendation? Major revision is needed (please make suggestions in comments)
Comments to the Author(s) Dear Authors, I send you the review of the manuscript RSOS-181402. In general, the manuscript is nearly conforming to the journal requirements, formats and quality. General remarks are focused on a better presentation of figures, and on including a comparison with previous works in a real discussion section. Some others compositional analysis of water could be included in order to get a complete view of the environmental concern authors are refereed to. Section 4. Discussion -P23 L22. Authors talk about "... environmental pollution." but nothing is said about the potentially hazardous element contents in water composition. It could be very explicative to include metallic composition of water previous and after passing for the mine roadways. -P23 L59. A multilevel drainage method is using for the treatment of water. In this sense, include the analytical results of the final chemical composition of water could be really interesting focused in an abroad audience. -Finally, as said at the presentation paragraph of this review, a real Discussion section is necessary. Taken into account the presented data, a comparison with previous works on similar scenarios could significantly improved the manuscript and increase audience. There are several similar works for comparison.
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Warm regards
Reviewer: 2 Comments to the Author(s) This paper is interesting because the mine water inrush is an important problem, which it must be addressed to ensure the water quality in mining areas. I believe that the article contributes to scientific-technical knowledge, is well-structured and addresses the objectives proposed. However, in my opinion, there are several issues that should be corrected prior to publication. My suggestion is that the authors revise and reorder the text and include all the information necessary to improve some aspects for its publication. Groundwater flow model 1. Justify the domain of the model 2. Explain the boundary conditions applied 3. Calibration process. It would be necessary to show the input parameters and the parameters obtained from the calibration; Level adjustment, Mass balance. 4. Justify the period time chosen to model General • The paper say that a methodology to prevent the mine water inrush has been implemented. Please, explain how this methodology has improved or not the mine water inrush. Make an assessment of the methodology used.
• The conclusion section is a repetition of what has been said in the introduction. Please 
Recommendation? Accept as is

Comments to the Author(s)
The authors have addressed the majority of my previous comments and I think that the authors have done a good job in answering to all the questions raised during the review process and the result is a much improved manuscript. So I feel that the manuscript can be now accepted for publication. Thank you.
Decision letter (RSOS-181402.R1) 12-Feb-2019 Dear Dr Zhang, I am pleased to inform you that your manuscript entitled "Water inrush characteristics and hazard effects during the transition from open-pit to underground mining: a case study" is now accepted for publication in Royal Society Open Science.
You can expect to receive a proof of your article in the near future. Please contact the editorial office (openscience_proofs@royalsociety.org and openscience@royalsociety.org) to let us know if you are likely to be away from e-mail contact. Due to rapid publication and an extremely tight schedule, if comments are not received, your paper may experience a delay in publication.
Royal Society Open Science operates under a continuous publication model (http://bit.ly/cpFAQ). Your article will be published straight into the next open issue and this will be the final version of the paper. As such, it can be cited immediately by other researchers. As the issue version of your paper will be the only version to be published I would advise you to check your proofs thoroughly as changes cannot be made once the paper is published. 
Reviewer 1
Thank you very much for your review, as well as your valuable suggestions on this paper. Your comments regarding inappropriate presentations were extremely valuable and helpful in revising and improving the paper. Thus, we have studied the comments carefully and have made the appropriate corrections. We redraw Fig. 1, Fig. 2 Thanks for your suggestions. We have redrawn Fig. 1 of the revised manuscript.
2. I recommend authors to rename Section 2.1.1. as "Geological setting".
Thanks for your suggestions. We have renamed Section 2.1.1 in Line 58. The problems you have suggested:
1. Figure 1 . Please include coordinates and a visible scale for the figure.
Reply:
Thank you for your valuable suggestions. Indeed, as you stated, we neglected coordinates of the study area. We have fully absorbed your suggestions and referred to the geological data in the study area. Then, We modified the figure of the geographic location of the study area in the revised manuscript, including coordinates and a visible scale (as shown in Fig. 1 of the revised manuscript). 2. I recommend authors to rename Section 2.1.1. as "Geological setting".
Thanks for your suggestions. We have fully absorbed your suggestions and renamed Section 2.1.1.
Line 58 "2.1.1 Geological setting". Reply:
Thank you for your question. Unfortunately, we have not been able to give a clear explanation on the foliation in the previous manuscript. Indeed, the foliation is important for describing the characteristic of metamorphic rocks. Moreover, the orientation of metamorphic rocks has a great influence on the hydrogeological condition of the study area. Therefore, we referred to the geological data of the study area and described the foliation of the metamorphic rocks in detail. We have fully Reply:
Thank you for your question. Unfortunately, we didn't give a clear explanation on the faults in the previous manuscript. Indeed, the faults provide the seepage channel for the groundwater and influence on the groundwater distribution in the study area. As mining depths increase and mining faces expand, the faults have more influence on the groundwater head. Therefore, it is necessary to refer to the geological data of the study area and describe the fault in detail. We have fully absorbed your suggestions and added the description of displacement, dip and dip angles of faults in the revised manuscript in Line 76-80 "F13 is normal fault with the vertical displacement of 160m, which occur in the north-east direction and whose dip angle is approximately 67-90°. F20 is strike-slip fault with the horizontal displacement is 70m, which occur in the north-east direction and whose dip angle is approximately 45°. F1 and F19 are strike-slip faults, with the horizontal displacement are 40-130m
and 30-100m respectively, which occur in the south-east direction and whose dip angles are approximately 74° and 83-90°respectively." 6. A reference for thickness of aquifer data is necessary.
Thank you for your question. Indeed, as you stated, the thickness of aquifer has great influence on the water inrush problem. The main aquifers in the study area are Quaternary overburden and magnetite-quartzite (Fig. 2b) . The Quaternary overburden is a phreatic aquifer with good water-richness and the magnetite-quartzite is the bedrock fissure aquifer cut by multiple faults.
Moreover, the distribution of aquifer in the study area is nearly upright and the aquitard on both sides of the aquifer to limit the groundwater flow in the aquifer. Therefore, as mining depths increase and mining faces expand, the water inrush problem in the study area is more serious. we referred to the hydrogeological data of the study area and added the description of the thickness of aquifer data in List of Responses to the second reviewer for Manuscript RSOS-181402
the revised manuscript in Line 99-100 "The magnetite-quartzite is the bedrock fissure aquifer, 55-195 m thick, nearly upright, cut by multiple faults."
7. P10 L7 "... (Fig. 5b )"
Thank you for your question. In the revised manuscript, we reorder the pictures in the paper, as shown in Fig. 4(b) of the previous manuscript (as shown in Fig. 4b of the revised manuscript).
8. A reference is necessary for SCM.
Thank you for your question. As you pointed out, some references are necessary for explanation on the Shukalev classification method (SCM). In order to analyse the hydrogeological connectivity, the Reply:
Thank you for your question. Indeed, as you said the orientation of metamorphic foliation plays an important role in the infiltration of groundwater. The well-developed foliation provide provide the seepage channel for the groundwater. However, through related reference and the hydrogeological data of the study area, we found that both sets of the foliation of phyllite were closed before excavation. Therefore, the foliation of phyllite was barely influenced on the groundwater migration.
List of Responses to the second reviewer for Manuscript RSOS-181402
We have fully absorbed your suggestions and added the description of the foliation of the phyllite in the revised manuscript in Line 72-74 "The phyllite mainly contains two sets of dominant foliations, both sets of them were closed before excavation. The dip angles are 10 ° and 80 ° respectively."
11. Figure 11 . Include a scale.
Thank you for your question. Indeed, as you stated, we neglected coordinates in Fig. 11 of the previous manuscript. We have fully absorbed your suggestions and referred to the geological data in the study area. We modified the figure of the layout of the mine roadways in the study area, including a plotting scale in the Fig. 10 of the revised manuscript. Reply:
Thanks for your suggestions. Unfortunately, we have not been able to give a clear explanation in the previous manuscript. Indeed, the environmental pollution is a problem in the process of the excavation of the mine roadway. However, this paper focus on the study of the characteristics of mine water inrush in the process of transition from open-pit to underground mining. A comprehensive method that incorporates hydrochemical analysis and numerical simulation was proposed to reveal the migration law of groundwater and analyse the sources of water inrush.
Provide a scientific basis for water inrush prevention in mining districts. The environmental pollution caused by metallic composition of water previous and after passing for the mine roadways was not considered, but this can be considered as a direction for future research. In order to make the theme of this article clearer, we made some changed in Line 267-273 "Mine water inrush has a great adverse impact on mining production, and induces disasters such as shaft submergence and underground debris flow, which lead to substantial economic losses and loss of life [42, 43] . In the process of transition from open-pit to underground mining, the large-scale open pit acts as a convergence point for surface water and groundwater. As mining depths increase and mining faces expand, the water accumulated in the pit flew into the mine roadway through the water seepage channels at the bottom of the pit and the fissures in the rock mass. Moreover, based on the above analysis, it is illustrated that the excavated roadway is the main factor affecting groundwater migration. Therefore, appropriate measures should be taken to prevent mine water inrush." 15. P23 L59. A multilevel drainage method is using for the treatment of water. In this sense, include the analytical results of the final chemical composition of water could be really interesting focused in an abroad audience.
Reply:
Thank you for your valuable suggestion. In the last manuscript, we did not give a clear explanation on the multilevel drainage method, and we were sorry for the confusion to you. Aiming to rapidly and effectively solve the drainage problem and prevent further water inrush problem in the study area, a multilevel drainage method was adopted for the large water inflow in the mine roadways. The distribution of aquifer in the study area is nearly upright and the aquitards on both the sides of aquifer to limit the groundwater flow in the aquifer, resulting in the poor drainage capacity in the study area. Moreover, based on the analysis in the paper, it is illustrated that the water inflow in the mine roadways is large. Due to the complex terrain and deep mining, a multilevel drainage method was proposed. In addition, in order to comprehensively utilize mine drainage, the mine water was treated and supplied to the mineral processing plant. According to the results of the hydrochemical analysis in the study area, the turbidity, the concentration of Ferrum and Manganese and other indexes in the mine water exceed the prescribed range of industrial mill water. Then, we referred to the reuse of urban recycling water-water quality standard for industrial uses (Table1). Using chemical coagulation method and physical precipitation method, the mine water was treated to meet the standard of mill water. In the revised manuscript, we give a clear explanation on the multilevel drainage method in Line 284-297 "The distribution of aquifer in the study area is nearly upright and the aquitards on both sides of the aquifer to limit the groundwater flow in the aquifer, resulting in the poor drainage capacity in the study area. Moreover, based on the above analysis, it is illustrated that the water inflow in the mine roadways is large. Due to the complex terrain and deep mining, traditional drainage methods cannot rapidly and effectively solve the drainage problem in the study area. [44, 45] . Therefore, a multilevel drainage method was adopted for the treatment of mine water [46] (Fig.   15) . (1) 16. Finally, as said at the presentation paragraph of this review, a real Discussion section is necessary.
Taken into account the presented data, a comparison with previous works on similar scenarios could significantly improved the manuscript and increase audience. There are several similar works for comparison.
Thanks for your suggestions. Indeed, as your statement, a real discussion in this paper is necessary.
Referring to the relevant literature, combined with the conclusions of this paper, the discussion section was revised. In fact, there are have similar engineering projects, such as the Chah-Gaz iron mine in Iran, Udachny mine in Russia and Shirengou iron mine in China. Existing studies have focused on optimizing the transition from open-pit to underground mining. However, as mining depths increase and mining faces expand, more serious water inrush problems can occur during the transition from open-pit to underground mining. Therefore, the prevention and treatment of mine water inrush were proposed in this paper, which will serve as a valuable reference for analogous engineering cases.
The distribution of aquifer in the study area nearly is upright and the aquitards on both the sides of aquifer to limit the groundwater flow in the aquifer, resulting in the poor drainage capacity in the study area. In addition, the large-scale open pit acts as a convergence point for surface water and groundwater. As mining depths increase and mining faces expand, the water accumulated in the pit flew into the mine roadway through the water seepage channels at the bottom of the pit and the cracks in the rock mass. Moreover, based on the results in this paper, it is illustrated that the water inflow in the mine roadways is large. Therefore, the surface and underground comprehensive prevention measures and multilevel drainage method were proposed to reduce water inrush in the mine roadway. The proposed methods have successfully adopted in the Yanqianshan iron mine located in Liaoning province, China and may serve as a useful reference for analogous engineering projects to solve similar water inrush problems.
In order to make the theme of this article clearer, we reconstructed the structure of the section of discussion in Line 267-297 "Mine water inrush has a great adverse impact on mining production, and induces disasters such as shaft submergence and underground debris flow, which lead to substantial economic losses and loss of life [42, 43] . In the process of transition from open-pit to underground mining, the large-scale open pit acts as a convergence point for surface water and groundwater. As mining depths increase and mining faces expand, the water accumulated in the pit flow into the mine roadway through the water seepage channels at the bottom of the pit and the fissures in the rock mass.
Moreover, based on the above analysis, it is illustrated that the excavated roadway is the main factor affecting groundwater migration. Therefore, appropriate measures should be taken to prevent mine water inrush. Prevention measures can be divided into two aspects. (1) The first of these is surface prevention. The main source of groundwater in the study area is precipitation, and the main seepage channel is the outcropped fissures. Therefore, the work began with two aspects: reducing groundwater sources and reducing precipitation seepage channels. Precipitation was observed in the study area, and drainage projects were established to discharge the surface water in a timely manner.
Additionally, a backfill layer of appropriate thickness was applied at the bottom of the pit to reduce the precipitation seepage channel. (2) The second aspect is underground prevention. Based on the aforementioned results of the study, preventing water inrush at the mine roadway was primarily a matter of reducing the groundwater seepage channel. To address the faults and fissures around the mine roadway, a suitable plugging technology was adopted to effectively prevent the groundwater from flowing into the mine roadway. Simultaneously, a waterproof gate was installed in the mine roadway, and the water inflow was monitored.
The distribution of aquifer in the study area nearly is upright and the aquitards on both sides of the aquifer to limit the groundwater flow in the aquifer, resulting in the poor drainage capacity in the study area. Moreover, based on the above analysis, it is illustrated that the water inflow in the mine roadways is large. Due to the complex terrain and deep mining, traditional drainage methods cannot rapidly and effectively solve the drainage problem in the study area. [44, 45] . Therefore, a multilevel drainage method was adopted for the treatment of mine water [46] (Fig. 15) . (1 . Then, using chemical coagulation method and physical precipitation method, the mine water was treated to meet the standard of mill water. (6) The treated mine water was sent to a mineral processing plant through the drainage pipe.
Reviewer 2
Thank you very much for your review, as well as your valuable suggestions on this paper. Your comments regarding inappropriate presentations were extremely valuable and helpful in revising and improving the paper. Thus, we have studied the comments carefully and have made the appropriate corrections. We modified the legend in Fig. 9 of the revised manuscript. Questions and simple replies were summarized in the table below. And detail information and modification were list item by item after the table. All inappropriate presentation has been modified and updated, and all amendments have been highlighted in red in the revised manuscript. the other side, the volume of water at the watershed is zero, the model boundary was set as the no flow in the second type of boundary condition. Referring to the geological data in the study area, it is illustrated that the main drainage channel in the study area is the Guyu River, which located to the south of the mine pit. Therefore, the boundary of the river was set as fixed water level. Due to the model focus on the impact on groundwater migration and drainage effect of mine roadways, the boundaries of mine roadway was set as the boundary of fixed water level.
We have fully absorbed your suggestions and added the description of the boundary condition and Reply:
Thanks for your comments. Unfortunately, we have not been able to give a clear explanation in the previous manuscript. Indeed, as you stated, a clear explanation on the calibration process of the model should be given to ensure that it has the capacity to simulate the actual groundwater seepage field in the study area. Due to the lack of field data, we selected the monitoring data in 2012 to calibrate the model.
Based on the monitoring data, we calibrated the numerical model by adjusting the seepage parameters and boundary conditions. Obtained from previous studies and field investigation, the permeability coefficient partition used in the model, Region I was the phreatic aquifer, Region IV was the bedrock fissure aquifer and Regions II and III were the aquitard. Permeability coefficient of the aquitard is 1e -10 cm/s in the study area. However, due to the excavation of the mine pit, the permeability of aquitard in the mine pit increased with the outcrop area failure, the well-developed fissures, and the influence of the weathering. Therefore, in the process of calibration, the permeability coefficient of the Regions II was reasonably improved to 1e -6 cm/s to better reflect the actual situation.
We have fully absorbed your suggestions and make a clearer explanation on the calibration in the revised manuscript in Line192-198 "The model should be calibrated to ensure that it has the capacity to simulate the actual groundwater seepage field in the study area [40] . Based on the monitoring data, the numerical model was calibrated by adjusting the seepage parameters and boundary conditions.
Comparing simulated values and measured values of the groundwater head, the capacity of simulating the actual groundwater seepage field in the study area can be evaluated. The results are shown in Fig. 9 . The difference between the simulated values and the measured values was less than 1 m, and the confidence level was greater than 95%. The model calibration results prove that the three-dimensional groundwater seepage model effectively reflected the actual groundwater seepage field of the study area." In addition, in order to accurately reflect the information in Fig.10 of the previous manuscript, we modified the legend in Fig. 9 of the revised manuscript. The distribution of aquifer in the study area is nearly upright and the aquitards on both sides of the aquifer to limit the groundwater flow in the aquifer, resulting in the poor drainage capacity in the study area. In the process of transition from open-pit to underground mining, the large-scale open pit acts as a convergence point for surface water and groundwater. As mining depths increase and mining faces expand, the water inrush problem is more serious. This paper describes a comprehensive method, including hydrochemical analysis and numerical simulation, to study the characteristics of mine water inrush in the process of transition from open-pit to underground mining.
Moreover, based on the results of the study, the appropriate methods for prevention and treatment of mine water inrush were proposed. The proposed methods have successfully adopted in the Yanqianshan iron mine located in Liaoning province, China and may serve as a useful reference for analogous engineering projects to solve similar water inrush problems.
We have fully absorbed your valuable suggestions and made major revisions to the description of methodology and the purpose of the study in the revised manuscript. Some related modifications have been done in revised manuscript as below. show that the excavated mine roadway is the primary factor affecting groundwater migration and that the source of the mine water inrush is the groundwater in the aquifer around the mine roadway.
Moreover, based on the results of the study, appropriate methods for prevention and treatment of mine water inrush were proposed. This approach provides a novel idea for the assessment of water inrush hazards and will serve as a valuable reference for analogous engineering cases."
Line 37-39 "In order to provide a scientific basis for water inrush prevention in mining districts, it is of vital importance to determine the cause and source of water inrush." recommend that you restructure this section and focus on the conclusions Reply:
Thanks for your comments. As you stated, the previous manuscript indeed had some problems with the conclusion section. The poor conclusion section seriously affected the readability of the previous manuscript. We have fully absorbed your suggestions, referred to the relevant literature, and combined with the results of this paper, the conclusion section was revised. The revised conclusion In addition, the water samples are not fully displayed in Fig.12 of the previous manuscript. We modified the figure of the piper diagrams of water samples in the study area (as shown in the Fig.11 of the revised manuscript). 
